A number of studies have indicated that parathyroid extract increases the renal excretion of phosphate (1) (2) (3) (4) (5) (6) . This effect appears to result from a depression of the renal reabsorption of phosphate (6). Endogenous secretory activity of the parathyroid glands has been related to the extracellular concentration and/or the dietary intake of calcium and phosphate. Although dietary variations of these ions did not correlate consistently with TmP 8 in our initial investigations (7), other workers have demonstrated an influence of diet on phosphate reabsorption. A high phosphate diet led to a diminished P reabsorption in normal but not in parathyroidectomized rats (8). Studies in dogs (9) and in normal human subjects (8, 10) also indicated that the level of P intake influenced P reabsorption, but whether this effect was mediated by the parathyroid glands is not clear. In order to examine more rigorously the effects of a high P intake, buffered sodium phosphate solutions were administered intravenously daily for four to eight days to the normal and hypoparathyroid subjects previously described (7). Another phase of this study involved an inquiry into the mechanism by which aluminum gels produce a marked reduction in urinary P.
A number of studies have indicated that parathyroid extract increases the renal excretion of phosphate (1) (2) (3) (4) (5) (6) . This effect appears to result from a depression of the renal reabsorption of phosphate (6) . Endogenous secretory activity of the parathyroid glands has been related to the extracellular concentration and/or the dietary intake of calcium and phosphate. Although dietary variations of these ions did not correlate consistently with TmP 8 in our initial investigations (7) , other workers have demonstrated an influence of diet on phosphate reabsorption. A high phosphate diet led to a diminished P reabsorption in normal but not in parathyroidectomized rats (8) . Studies in dogs (9) and in normal human subjects (8, 10) also indicated that the level of P intake influenced P reabsorption, but whether this effect was mediated by the parathyroid glands is not clear. In order to examine more rigorously the effects of a high P intake, buffered sodium phosphate solutions were administered intravenously daily for four to eight days to the normal and hypoparathyroid subjects previously described (7) . Another phase of this study involved an inquiry into the mechanism by which aluminum gels produce a marked reduction in urinary P.
Variations in plasma levels of Ca and P often occur together. An attempt was made to separate the effects of elevation of plasma P from the frequently seen simultaneous reduction in plasma Ca.
Our data indicate that repeated daily intravenous administration of large quantities of phos- 1 Present address: Department of Physiology, Cornell University Medical College, New York 21, N. Y. 2 Present address: Department of Medicine, Harvard Medical School and Beth Israel Hospital, Boston, Mass. 3 As in the previous papers, the following abbreviations have been used: Ca, calcium; P, inorganic phosphate; Tm, maximum renal tubular rate of transfer.
phate results in a reduction in renal P reabsorption. This effect does not appear to depend upon an associated reduction in plasma Ca. Whether this effect is mediated via the parathyroids cannot be conclusively stated. The results indicate that aluminum gels produce their effect primarily, and perhaps solely, by effecting a reduction in plasma P.
METHODS
These studies were conducted on the same patients previously described, and the measurements of TmP were carried out by the method detailed in an earlier paper (7) . In studies of the effects of intravenously administered phosphate, a buffered sodium phosphate solution, pH 7.4, was infused over a 4 to 6-hour period on four consecutive days. Five subjects received 75 mM of P each day; two subjects, C. H. and D. F., received 90 and 150 mM P per day, respectively. Two of the normal subjects, C. H. and E. P., received eight daily P infusions, and on the last four days they received, in addition, infusions of Ca. The In the studies on the effects of aluminum gels 180 ml.
of basic aluminum carbonate (Basaljel@) was administered orally each day in four divided doses, one hour after meals and at bedtime, for 6 to 21 days. Concomitantly, the subjects received a low dietary P intake of 600 to 800 mg. per day. Balance studies carried out during aluminum gel administration were performed on the metabolic ward in the manner described by Deitrick, Whedon, and Shorr (11) .
Chemical methods and calculations used in these studies were the same as those described in a previous communication (7) . 566 fusions did not reverse the downward trend in TmP (Table II) . A decrease in endogenous plasma P levels as a consequence of P infusions was seen in the normal subjects, but there was no consistent change in plasma Ca (Table II) . It was noted that the endogenous urinary excretion of phosphate increased 'in the face of a decreasing plasma P level, a finding consistent with a reduced tubular P reabsorption.
Effects of phosphate infusions in hypoparathyroid subjects
The results of P infusions in three hypoparathyroid subjects are shown in Table II . In A. W., the most severely hypoparathyroid subject, the re- duction in TmP was less than that seen in normal individuals. However, the other two hypoparathyroid subjects, whose disease was considerably milder, showed reductions in TmP as great as those seen in the normal subjects. It can be seen that the endogenous plasma P levels and P excretion changed very little in the hypoparathyroid individuals.
Effects of EDTA infusions in normal subjects Because an elevation of plasma P is usually accompanied by a reduction of plasma Ca one must consider the possibility that the effects observed when the plasma P is high may actually result from a lowered plasma Ca. The administration of di-sodium ethylenediamine tetraacetic acid (EDTA), permitted a reduction in the circulating Ca, particularly the ionized fraction, without a concomitant increase in plasma P. The effects of intravenous EDTA administration are summarized in Table III (Table IV) .
Administration of aluminum gel
Oral administration of aluminum gel produced a reduction in fasting plasma P levels and in urinary excretion of P in normal individuals and in the one hypoparathyroid subject studied (Table  V) . There was a profound drop in plasma P in the hypoparathyroid subject, A. W., on two occasions and in one normal individual, E. E. Why the latter reacted in this fashion on only one occasion is not clear; the daily dose of gel and the dietary P level were similar on another occasion when a much less profound fall in plasma P occurred. The fall in plasma P in A. W. as a result of aluminum gel regimen was not altered by the daily administration of as much as 400 units of parathyroid extract. Calcium, phosphorus, and nitrogen balance studies were carried out in the hypoparathyroid subject and in one normal individual before and during a course of aluminum gel. It can be seen ( Figure 1 and Figure 2 ) that the administration of the gel resulted in an essentially P-free urine. A negative P balance was observed in both subjects but was much greater in the hypoparathyroid individual, and could be accounted for by an increased fecal P. Nitrogen balance was not significantly affected by the gel but calcium balance became more markedly negative in the normal subject during the period of gel administration (Table VI) . The high calcium intake in the hypoparathyroid patient largely reflects supplements of calcium chloride solution which were required to prevent tetany.
DISCUSSION
Although acute elevations of plasma P rarely alter TmP (7), repeated daily intravenous P infusions result in a reduction in TmP in normal subjects. The decrease in endogenous plasma P together with an increased endogenous P excretion in one subject (D. F.) are suggestive of the findings in hyperparathyroidism. It is of interest that there was no appreciable change in plasma Ca associated with the marked decrease in plasma P. Hence, if parathyroid activity were increased, one must postulate either a separation between the principle altering tubular reabsorption of P and the factor which influences calcium metabolism, or a greater sensitivity of the renal tubule to the parathyroid hormone. The decrease in P reabsorption with P infusions is in keeping with the experiments on rats and humans fed high P diets (8) . From our data it is not possible to be certain that the reduction in TmP was a result of parathyroid stimulation. Although there was little change in the TmP of the most severely hypoparathyroid subject, A. W., after P infusions, two mildly hypoparathyroid patients showed reductions of TmP comparable to those seen in the normal individuals. Although we are inclined to the belief that the reduction in TmP in these latter two subjects resulted from stimulation of existing parathyroid remnants, this conclusion cannot be definitely stated from our data. The reduction in TmP seen with phosphate infusion does not appear to be the result of the slight fall in serum calcium which occurred in most of these studies. The binding of a portion of the extracellular calcium by intravenously administered di-sodium EDTA resulted in an increase in the urinary excretion of calcium together with a reduction in the oxalate-precipitable plasma calcium. Although the decrease in plasma calcium was comparable to that seen during phosphate infusions, no reduction in TmP was noted after four daily EDTA infusions. Thus, it appears that the reduction in TmP seen with repeated administration of intravenous phosphate solutions results from a direct effect of the phosphate ion rather than from an associated decrease in the ionizable calcium. Furthermore, when calcium gluconate was infused into those patients receiving phosphate, there was no reversal of the phosphate depression of TmP. The infusion of calcium alone has been shown to reduce phosphate excretion as a result of increased tubular phosphate reabsorption (12) . This effect is probably due to inhibition of parathyroid secretion (12, 13) . Hence, our data indicate that the effect of phosphate administration on tubular phosphate reabsorption is The oral administration of aluminum gels is regularly followed by a reduction in urinary P (10, 14, 15) . In normal and hypoparathyroid subjects the administration of the gel resulted in a decrease in plasma P as well as in urinary P, but there was no consistent effect on TmP. Thus, it appears that the decrease in urinary P which follows administration of aluminum gels is explained by a reduction in the filtered load of P delivered to the renal tubules. In the face of an unchanged tubular P reabsorption a fall in filtered P leads to a decrease in P excretion. Conceivably, it is possible to demonstrate in the normal individual a fall in TmP (e.g., with repeated phosphate infusions), but not a rise, because reabsorption of P by the renal tubules under normal conditions approximates their maximal capacity, and hence what approaches a "hypoparathyroid" state. This was demonstrated in a severely hypoparathyroid subject who had determinations of TmP in the untreated state and when he was receiving adequate parathyroid extract to render him "isoparathyroid." The TmP in the second situation was only slightly less than when the patient was un- treated (6) . If this is the case, then a slight rise in TmP might occur following the administration of aluminum gel and yet not be detectable in studies of this type. Very striking negative phosphorus balances were produced by the administration of aluminum gel to normal and hypoparathyroid subjects. The much larger negative balance seen in the hypoparathyroid subject was accompanied by a much more profound drop in his plasma P. Whether this greater fecal loss of P and greater drop in plasma P can be ascribed to the hypoparathyroidism cannot be stated. It was postulated that the profound fall in plasma P in the hypoparathyroid patient on aluminum gel may have reflected an inability to mobilize skeletal stores of P. The inadequacy of this hypothesis, however, was demonstrated by the absence of change in the plasma P level upon the administration of as much as 400 units of parathyroid extract daily.
The fall in plasma P which usually followed the administration of EDTA is to be compared with the rise observed in patients who are given calcium infusions (13) . This decrease in plasma P was clearly not the result of any alteration in P excretion but is consistent with the postulate that the level of plasma Ca influences the distribution of phosphate (16) . CONCLUSIONS 1. Repeated administration of intravenous buffered phosphate solutions to normal males and females resulted in pronounced reduction in TmP.
2. In one severely hypoparathyroid subject phosphate infusions produced a minimal drop in TmP while in two subjects with less marked hypoparathyroidism a reduction in TmP comparable to that seen in normal individuals occurred. Although it seems likely that the effect on tubular reabsorption is exerted through the parathyroids, our data are inadequate to establish this relationship.
3. The reduction in TmP appeared to be correlated with an increase in plasma P rather than from any associated reduction in plasma calcium.
4. The reduction in urinary excretion of phosphate following aluminum gel administration appears to be due primarily to a reduction in endogenous plasma phosphate levels.
